Dynamics and orientation of glycolipid headgroups by 2H-NMR: gentiobiose.
Deuterium nuclear magnetic resonance has been used to investigate the dynamics and determine the orientation of the headgroup of the glycolipid 1,2-di-O-tetradecyl-3-O-(6-O-beta-D-glucopyranosyl-beta-D-glucopyranosyl )-sn- glycerol (beta-DTDGL), in aqueous multilamellar dispersions. In addition, its anomeric analog, having an alpha glucose-glycerol linkage, was prepared and examined. The lipids were labelled with deuterium at specific positions in the disaccharide moiety. Analysis of the deuterium quadrupolar splittings for the first glucose ring (glycerol-linked) gave segmental order parameters of 0.43 and 0.35 for the beta and alpha isomers, respectively. Both isomers had similar orientations of the sugar ring relative to the bilayer surface, as determined for lipid in the liquid-crystalline phase. 2H-NMR results for the lipid labelled at C-6' are consistent with a single conformation about the C-5'-C-6' bond of the first glucose residue, with a dihedral angle (O-5'-C-5'-C-6'-O-6') of -17 degrees. The results obtained for the second sugar ring suggest that two conformers may be present, which are in slow exchange on the 2H-NMR timescale. Measurements of longitudinal relaxation times, T1z, gave similar values for both sugar moieties in the headgroup, suggesting that the disaccharide does not exhibit the flexibility expected about the 1----6 linkage. Since T1z for 2H in these compounds decreases with increasing temperature and increases with magnetic field strength, the motion(s) dominating relaxation is in the long-correlation-time regime [omega 0 tau c)2 greater than 1). Thus, the gentiobiosyl headgroup undergoes the slowest motion of the glycolipid headgroups studied to date.